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Description 

This invention relates to an improved enzyme electrode assembly including a laminated membrane tor 
assay of glucose in solution and to a high speed method for glucose solution assay, particularly for use in 
5 assay of undiluted whole blood or serum. 

Background of the Invention 



It has previously been proposed to employ enzyme electrodes having laminated membranes for 
w assaying glucose as described for example in Clark U.S. Patent 3.539,455; Newman U.S. Patents 3.979,274 
and 4,073.713; Johnson U.S. Patents 4,220.503. 4.356.074 and 4.404.066; and Japanese Patent Appln. 
publication 60-185153. Such enzyme electrode assays of glucose involve measurement of the enzyme- 
catalyzed oxidation of glucose in accordance with the following reaction: 

' 5 Glucose 

Glucose + 0 2 > Gluconic Acid + H 2 0 2 

Oxidase 

20 

The enzyme, glucose oxidase, is interposed and immobilized between two membranes, the first or outer of 
which comes into contact with the sample to be assayed and permits access of glucose and of oxygen to 
the enzyme from the sample while restricting the passage of proteins, red blood cells, and other 
macromolecules. and the second of which is in close relationship with the face of the sensor electrode and 

?5 permits access of hydrogen peroxide to the electrode while at the same time excluding passage of 
interfering substances having a molecular weight greater than about 250, e.g., ascorbic acid, uric acid, and 
salicylic acid. In practice, the sample to be assayed, which contains both glucose and oxygen, is brought 
into contact with the outer face of the first or outer membrane. Diffusion of the sample through the 
membrane into contact with the immobilized enzyme leads to the reaction set forth above, and diffusion of 

30 the resulting hydrogen peroxide through the second or inner membrane into contact with the sensor 
electrode causes development of an electrical current which can then be read by conventional means, thus 
enabling determination of the glucose by calculations based upon similar measurements made on standard 
solutions containing known concentrations of glucose. The membrane-covered electrode face can be 
brought into contact with the sample solution either by immersing it in a bath of the sample or by providing 

35 a flow cell or chamber through which the sample is passed across the outer face of the first or outer 
membrane. However, glucose assays conducted as in the prior art have lacked accuracy in the case of 
solutions having high concentrations of glucose, as are often found for example in undiluted whole blood or 
serum. It has consequently been the practice to dilute such high-concentration samples by a suitable 
amount of buffer before assay. The dilution step is time-consuming and is itself an additional source of 

w possible error. 

Patent Abstracts of Japan, Volume 10, number 344 (P-518), 20/11/86, relates to an immobilized enzyme 
membrane having an outer membrane with a pore size of 10 to 60 nm (100 to 600 A.) This document does 
not suggest a membrane with a pore size of 1 to 12,5 nm (10 to 125 A.) and a thickness of 1 to 20 u.m for 
use in a rapid glucose assay. 

45 Patent Abstracts of Japan. Volume 10. number 38 (P-428), 14/02/86, is directed to an immobilized 
enzyme membrane having an outer membrane with a pore size of 200 nm (2000 A) or less. 

EP-A-0 216 577 relates to a sensor of the enzyme-electrode type which contains a layer of porous 
material of restricted permeability between the enzyme and a sample to be analyzed. In this document the 
porous material, i.e.. the outer membrane, has preferably a pore size of 10 to 30 nm (100 to 300 A), 

50 wherein, in case of reduced pore density, pore sizes of up to 200 nm (2000 A) can be used. 

It has now been found that the thickness and pore size of the first or outer membrane in contact with 
the sample is critical for achieving consistent and accurate measurements, particularly when the samples to 
be assayed have a high concentration of glucose. The membranes of the prior art have generally been so 
highly permeable to the passage of glucose that, particularly in the case of samples having high 

55 concentrations of glucose, the amount of glucose coming into contact with the immobilized enzyme 
exceeds the amount of gxygen available. Consequently, the oxygen concentration is the rate-limiting 
component of the reaction rather than the glucose concentration, so that the accuracy of the glucose assay 
is destroyed. Equally critical is the thickness and pore size of the second or inner membrane, which must 
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be sufficiently permeable to permit passage of the hydrogen peroxide to the electrode surface as rapidly as 
it is formed, but which should not permit the ready passage of potential interfering substances. Retention of 
hydrogen peroxide by this membrane, that is, failure to permit rapid passage of hydrogen peroxide from the 
immobilized enzyme to the electrode face can upset the equilibrium of the reaction and lead to erroneous 

s results; it also can lower sample throughout and increase reagent usage. 

the present invention by employing an electrode assembly having a first or outer membrane having a 
thickness of 1 to 20 urn. preferably 5 to 7 urn. and a pore size of 1 to 12,5 nm (10 to 125 A), which limits 
the diffusion of glucose molecules through the membrane, ensures the presence of sufficient oxygen in 
contact with the immobilized enzyme Moreover, by providing a second or Inner membrane having a 

w thickness of 2 to 4 urn. more preferably 2 to 3 urn, the present invention provides sufficient permeability to 
ensure rapid removal of hydrogen peroxide from the enzyme into contact with the sensor electrode and 
rapid achievement of an equilibrium state. 

In using the electrode of the present invention for assaying glucose, the electrode may be maintained in 
contact with the sample until the reaction attains equilibrium, after which an amperometric measurement is 

rs taken and compared with that of a standard solution taken under the same conditions, a procedure which 
requires of the order of 10 to 30 seconds. Additional time is required to wash residual sample from the 
outer face of the first membrane and allow the sensor electrode current to return to its base line value, so 
that in the case of an electrode used for successive assays of different samples, the total time for each 
sample is of the order of 60-80 seconds, depending upon the concentration of glucose. 

20 In using the electrode of the present invention, in the conventional procedure ol waiting for equilibrium 
to be established before measuring electrode current, the time required for assaying a succession of 
different samples is somewhat less than the time required using electrodes of the prior art. However, the 
electrode of the present invention has been found to make it possible to employ a different and much more 
rapid procedure, particularly beneficial in the case of samples having high glucose concentrations. It has 

25 been found that accurately reproducible assays can be achieved with the electrode of the present invention 
by making the amperometric measurement before reaction equilibrium has been achieved. Instead of 
waiting for equilibrium to be attained, the measurement is made at an arbitrary and standard time while the 
reaction in the cell is still approaching equilibrium. Preferably, the time of measurement is not less than 5 
seconds after the sample is first brought into contact with the first or outer membrane More preferably, to 

30 obtain the most reproducible results the time of measurement should be selected such that the current has 
achieved at least 90% of the steady state value. Contact of the sample with the membrane need not be 
thereafter continued, and preferably the sample is displaced as rapidly as possible by water or a buffer 
solution in order to return the electrode current to its base line value. This allows for a high throughput that 
is particularly advantageous when the analyzer containing the sensor has other sensors as well. Moreover, 

35 making the reading at such an early time has the advantage of limiting the effects of interfering substances, 
which generally take longer to move through the inner membrane than H2O2; thus, a good Hz02 reading is 
obtained with limited interference from the substances, which have yet to get through the membrane. 

Alternatively, the electrode and its laminated membrane can be combined with a flow-through sample 
chamber or cell of limited size for presenting the sample to the face of the first membrane; the volume or 

ao size of the sample and the rate of flow can be so selected as to provide a standard short time of residence 
of the sample in contact with the outer membrane. In this embodiment, the sample is preferably of a fixed 
standard volume or size and is forced through the chamber across the face of the membrane via a 
peristaltic pump. Consequently, only a minimal quantity of sample, in the form of a thin surface film, 
remains in the chamber after passage of the specimen. This residual film of sample is rapidly consumed 

45 and can be rapidly removed by flowing through the chamber a small quantity ol buffer, thus restoring the 
current to the base line value and readying the sensor for assay of a new sample. 
In the drawings. 

Fig. 1 is a view in section, partly broken away, showing one embodiment of the present invention 
including a flow chamber, on an enlarged scale; 
50 Fig. 2 shows amperometric response curves gf the present invention for samples of varying glucose 
concentration when the reaction is allowed to proceed to equilibrium; and 

Fig. 3 shows the response curves obtained when flowing samples of restricted size past the electrode of 
the present invention. 

As shown in Rg. 1 of the drawing, the electrode of the present invention comprises an electrically 
55 insulating support body 12 which may be of elongated cylindrical shape carrying at its end a platinum 
sensor electrode or anode 14 having an active or exposed face 16 and a conductor 18. The lower end of 
the support body 12 also carries a silver/silver chloride reference electrode 20 having an exposed face 22 
and a conductor 24. Conductors 18 and 24 lead to an amperometer (not shown). Disposed across the 
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exposed faces of the electrodes is a laminated membrane including a first or outer membrane 26 and a 
second or inner membrane 28 adhesively secured together by an intermediate layer 30 comprising the 
enzyme glucose oxidase, preferably a mixture of the enzyme and a cross-linking or binding agent such as 
glutaraldehyde The laminated membrane is sealed in liquid-tight relation to the lower face of support body 
s 12 by O-ring 32 or any other suitable means. 

Membrane 26 is preferably polycarbonate but may consist of any other suitable solid porous or 
permeable material having a thickness of 1 to 20 urn. preferably 5 to 7 urn, and a pore size of 1 to 12,5 nm 
(10 to 125 A), more preferably 1 to 1 1 nm (10 to 1 10 A). 

Membrane 28 may be of silicone rubber, methyl methacrylate or other suitable porous and permeable 
to material, e.g.. cellulose acetate butyrate. and preferably comprises cellulose acetate It has a thickness of 2- 
4 um, more preferably 2-3 urn. 

In the embodiment shown, a flow cell 34 is mounted in liquid-tight relation against the lower face of 
outer membrane 26, being sealed thereto by a silicone washer or by O-ring 32. Cell 34 may be constructed 
of polystyrene, polymethacrylate. or any other suitable rigid liquid impervious material and includes a 
»5 chamber 36 exposed to the face of membrane 26 as well as inlet 38 and outlet 40. In a preferred 
embodiment, the volume of chamber 36 together with inlet 38 and outlet 40 is approximately 5 to 10 
microliters. 

In operation, when outer membrane 26 contacts a sample of solution, glucose molecules and oxygen 
molecules present in the sample pass through it and contact the enzyme in layer 30; the enzyme catalyzes 
so the oxidation of glucose to gluconic acid. The hydrogen peroxide produced during the oxidation passes 
through membrane 28 and contacts surface 16 of sensor electrode 14, which is poised at -700mV in relation 
to reference electrode 20. 

Cellulose acetate membrane 28, as pointed out above, has a thickness of 4 urn or less (more preferably 
between 2 and 3 urn). If membrane 28 is thicker than 4 urn, the passage of H 2 Ch through the layer is 

25 hindered or slowed. If the membrane is thinner than 2 urn. it will not be strong enough. Membrane 28. while 
permitting the quick passage of hydrogen peroxide, is a barrier to the passage of other low molecular 
weight substances (e.g.. ascorbic acid, uric acid, salicylic acid) that may interfere with measurements made 
by anode 14; substances such as ascorbic acid and uric acid are often present in samples being analyzed 
and readily pass through polycarbonate membrane 26. 

so Membrane 28 is a 10 nm (100 A) pore size straight pore polycarbonate film having a thickness of 1 to 
20 urn (more preferably 5 to 7 urn) and having 6 x 10 8 pores/cm 2 . Such films are available from Nuclepore 
Rltration Products of Pleasanton. California. The low pore size does not allow high molecular weight 
interfering and contaminating substances that may be present in a sample to pass through to the enzyme 
layer. Importantly, the 10 nm (100 A) pore size is small enough to limit the diffusion of glucose molecules 

as into enzyme layer 30. If the diffusion of glucose molecules is not so limited, sufficient oxygen may not 
reach enzyme layer 30 to oxidize all of the glucose molecules that have diffused through layer 26, leading 
to inaccurate glucose measurements. A diffusion limiting pore size is especially important where the sample 
is undiluted blood or serum, which frequently- has a relatively high glucose concentration. A pore size of 15 
nm (150 A) does not sufficiently limit the diffusion of glucose molecules to allow glucose measurements to 

w be made on undiluted serum, plasma, whole Wood, or urine. The lower limit on pore size that may be used 
is that size which does not allow any substantial amount of glucose molecules to diffuse through (about 1 
nm (10 A) diameter). 

The diffusion of glucose through a membrane can be quantified in terms of molar flux. A membrane will 
sufficiently limit the diffusion of glucose if that membrane has a pore size (diameter) that limits the molar 

45 flux of glucose molecules to less than 60% the molar flux of glucose through a membrane having the same 
pore density and thickness but having a pore size of 15 nm (150 A); such a limitation is obtained if the pore 
size is no greater than 12.5 nm (125 A). More preferably, the molar flux of glucose should be less than 40% 
the molar flux of glucose in a membrane having the same pore density and thickness but having a 15 nm 
(150 A) pore size; such a limitation is obtained if the pore size is no greater than 11 nm (1 10 A). 

so Glucose oxidase layer 30 most preferably is a mixture of the enzyme and a cross-linking agent such as 
glutaraldehyde. 

The procedure for preparation of the laminated membrane is described in Newman. U.S. Patent No. 
4.073.713, which is hereby incorporated by reference. 

In general, in preparation of the laminated membrane cellulose acetate is dissolved in 23:1 cyclohex- 
55 anone:isopropanol, and the solution is deposited onto water. A cellulose acetate film forms, which is picked 
up by a polyethylene carrier sheet. An enzyme-glutaraldehyde liquid is placed on the cellulose acetate 
layer, and a polycarbonate film is brought into contact with the enzyme preparation on the cellulose acetate 
layer to form a laminate, which is pressed by a roller to insure confluency and minimize thickness. 
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CrosslinWng by the glutaraldehyde forms an immobilized enzyme layer. The laminate is dried by allowing it 
to sit in air at room temperature for a half-hour or more. The carrier sheet is removed to give a laminate 
ready for installation into an electrode assembly of a polarographic cell. 

In a typical assay, a sample of the solution is flowed through the inlet 38 and fills the flow chamber 36. 

s The diffusion of glucose and oxygen and resultant hydrogen peroxide formation have previously been 
described. As the hydrogen peroxide solution contacts the surface 16 of anode 14, in the embodiment 
shown, it also contacts the face 22 of reference electrode 20, forming an electroconductive path between 
the two electrodes. A current between the two electrodes is generated, the magnitude rising to a constant 
(steady state) value related to the equilibrium concentration of the hydrogen peroxide. 

io Typical response curves are shown in Rg. 2. In this figure, the current is plotted against time in 
seconds, from the beginning of the sample cycle (the time at which the sample contacts the outer 
membrane 26) in the left-hand portion of the plot for Samples A-F having glucose concentrations of 50, 100, 
200, 300, 400 and 500 mg/dl respectively. As is shown, the current output rises sharply shortly after the 
sample cycle starts. The rise corresponds to the increasing number of glucose molecules that diffuse and 

T5 react in the enzyme layer. Fairly quickly the glucose supply equilibrates, resulting in a steady supply and 
consumption of glucose molecules, and the reaction proceeds, reaching equilibrium (at which the current 
becomes constant) after about 8. 12 and 20 seconds in the case of samples A. B. and C respectively. In the 
steady state the current is directly proportional to the goncentralion of glucose in the sample, as shown by 
calibration plot 1 in the right-hand portion of Rg. 2. In the case of samples D. E, and F, having glucose 

20 concentrations of 300. 400 and 500 mg/dl respectively, equilibrium is only approached momentarily, if at all, 
even when the electrode assembly of the present invention is employed, because the rate ot diffusion of 
glucose into the glucose oxidase layer 30 is too high for the available supply of oxygen. As a result 
Calibration Plot 1, the standard against which unknown samples are compared when assayed by this 
procedure, becomes slightly non-linear at high concentrations of glucose, such as those which may be 

25 encountered in undiluted whole blood or serum, and therefore of somewhat decreased accuracy. 

By making the measurements of current difference for each sample at the same fixed time of 7.5 
seconds after initial contact of the sample with the outer face of membrane 26. as is also shown in Fig. 2, 
there is obtained Plot 2 as the calibration plot This calibration plot is completely linear to concentrations 
above 500 mg/dl. ensuring high accuracy, despite the fact that each measurement is made before 

30 equilibrium is attained. 

The procedures described above can be carried out either by simply immersirg the exposed face of 
outer membrane 26 in a pool of the sample solution to be assayed, or by sealing the flow cell 34 to the face 
of the membrane and flowing a sample through chamber 36 for as long as necessary. In using the flow cell, 
when measurement is made within 5 to 10 seconds after initial contact of the sample solution with 

35 membrane 26. washing of residual sample from chamber 36 with appropriate buffer can be immediately 
begun to prepare the electrode assembly for the next sample. Total time for each sample measurement is 
less than 45 seconds under such conditions. 

An alternative method which can be used when flow cell 34 is in place is to provide a specimen of the 
sample liquid which is limited in volume, for example, two to ten times the total volume of the chamber 36, 

40 and the specimen is pumped through the cell and past the electrode. The residual film on membrane 36 
produces a peak current proportional to the glucose concentration, the peak current is lower than the 
current that would be obtained had a steady state been reached. In practice the dwell time of the sample 
specimen in chamber 36 can be of the order of 3 to 10 seconds. Plots of response curves of the same 
standard solutions made under these conditions at a specimen dwell time of 5 seconds in each case 

45 (chamber volume 10 ul) are shown in Fig. 3. As can be seen, in each case the potential peaked sharply at 
6-8 seconds after initial contact and before equilibrium was achieved, and the peaks, as shown by the 
calibration plot, were precisely proportional to glucose concentration Consequently, this procedure of 
measuring maximum current produces a linear calibration plot and highly accurate results at concentrations 
even higher than 500 mg/dl. Since the specimen is immediately followed by air, and very little unreacted 

so specimen remains, little washing with buffer is required to prepare the electrode assembly for assay of the 
next sample specimen and the total time for measurement of each sample specimen is of the order of 30 
seconds or less. 

Calibration plots made as described above for each electrode assembly are then used as the standard 
of comparison for assays of unknown samples carried out in the same protocol, in the usual manner. 

55 

Claims 

1. Electrode assembly for use in a polarographic cell for assay of glucose in solution. 
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- comprising 

- a reference electrode (20) and 

- a sensor electrode (14) 

- having 

s - a laminated membrane 

- covering the solution-contacting face of said sensor electrode (14). 
characterized In that 

- said laminated membrane comprises 

- an outer, solution-contacting membrane (26) 
io - from 1 to 20 urn thick 

- having a pore size of 1 to 12.5 nm (10 to 125 A) 

- an Inner membrane (28) 

- adjacent the face of said sensor electrode (14) and 

- from 2 to 4 urn thick, and 

w - an adhesive glucose oxidase layer (30) 

- between said membranes (26. 28) holding them together. 

- said inner membrane (28) being permeable to hydrogen peroxide. 

• 2. Electrode assembly of claim 1. 
20 characterized In that 




3. Electrode assembly of claim 1 or 2. 
?5 characterized In that 

- said outer membrane (26) has 

- a pore size of 1 to 1 1 nm (10 to 1 10 A) particularly 10 nm (100 A). 

4. Electrode assembly of any preceding claim, 
30 characterized In that 

- said inner membrane (28) comprises 

- cellulose acetate. 

5. Electrode assembly of any preceding claim. 
35 characterized by 

- a flow cell (34) 

- for directing a sample of said solution past the exposed face of said outer membrane (26) 

- being sealed to said face and 

- having 

- a chamber (36) 

- exposed to said face, 

- an Inlet (38) and 

- an outlet (40) 

- for said chamber (36). 

« - said chamber (36), said inlet (38) and said outlet (40) having 

- a fixed volume. 

6. Use of the electrode assembly of any of claims 1 to 4 for the assay of glucose in solution. 

so 7. The use according to claim 6, comprising the steps of 

- bringing a sample of said solution into contact with said outer membrane (26). 

- measuring the current between said electrodes (14. 20) 

- at a time 

- at least as great as 5 sec after initial contact and 

ss - substantially less than the time required for the current to become constant, and 

- comparing the measured current with that of a 

- standard solution 

- containing a known concentration of glucose measured under identical conditions. 
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a Use of the electrode assembly of claim 5 for the assay of glucose in solution. 

9. The use according to claim 8. comprising the steps of 

- flowing a sample of said solution through said flow cell (34). 

- measuring the maximum current between said electrodes (14, 20) 

- at a time 

- at least as great as 5 sec after initial contact and 

- substantially less than the time required for the potential to become constant, and 

- comparing the measured maximum current with that of a 

- standard solution 

- containing a known concentration of glucose measured under identical conditions. 

- said sample having 

- a fixed volume 

- greater than the volume of said chamber (36) and said inlet (38). 
PatentansprUche 

1. Elektrodenanordnung zur Verwendung in einer polarographischen Zelle fur die Bestimmung von 
Glucose in LSsung. umfassend eine Referenzelektrode (20) und eine FUhlerelektrode (14) mit einer 
laminierten Membran. die die mit der L3sung in Kontakt stehende Oberflache der FOhler elektrode (14) 
bedeckt. 

dadurch gekennzeichnet, dafl 

die laminierte Membran eine auBere. mit der Losung in Kontakt stehende Membran (26) mit einer 
Dicke von 1 bis 20 urn und einer PorengroBe von 1 bis 12,5 nm (10 bis 125 A), 

eine innere Membran (28). die benachbart zur Oberflache der FOhlerelektrode (14) ist. mit einer 
Dicke von 2 bis 4 urn und 

eine Klebstoff-Glucoseoxidase-Schicht (30) zwischen den Membranen (26, 28), die die Membranen 
zusammenhart. umfaBt. wobei die innere Membran (28) permeabel fOr Wasserstoffperoxid isL 

2. Elektrodenanordnung nach Anspruch 1. dadurch gekennzeichnet. daB die auBere Membran (26) 
Polycarbonat umfaBt. 

3. Elektrodenanordnung nach Anspruch 1 oder 2. dadurch gekennzeichnet. daB die auBere Membran (26) 
eine PorengrQBe von 1 bis 11 nm (10 bis 110 A) und insbesondere von 10 nm (100 A) aufweist. 

4. Elektrodenanordnung nach einem der vorstehenden AnsprOche, dadurch gekennzeichnet. daB die 
innere Membran (28) Celluloseacetat umfaBt. 

5. Elektrodenanordnung nach einem der vorstehenden AnsprOche, gekennzeichnet durch eine DurchfluB- 
zelle (34). urn eine Probe der Losung Ober die freiliegende Oberflache der SuBeren Membran (26) zu 
leiten. die dicht mit der Oberflache verbunden ist und eine Kammer (36). die gegenOber der Oberflache 
freiliegt. einen EinlaB (38) und einen AuslaB (40) fUr die Kammer (36) aufweist. wobei die Kammer (36). 
der EinlaB (38) und der AuslaB (40) ein festgelegtes Volumen aufweisen. 

6. Verwendung der Elektrodenanordnung nach einem der AnsprOche 1 bis 4 zur Bestimmung von 
Glucose in LSsung. 

7. Verwendung nach Anspruch 6. die die folgenden Stufen umfaBt: 

- Kontaktieren einer Probe der Losung mit der auBeren Membran (26); 

- Messung des Stroms zwischen den Elektroden (14. 20) zu einem Zeitpunkt mindestens 5 
Sekunden nach dem anfanglichen Kontakt und erheblich vor dem Zeitpunkt, zu dem der Strom 
koostant geworden ist; und 

- Vergleichen des gemessenen Stroms mit dem fur eine Standardlosung, die eine bekannte 
Konzentration an Glucose enthalt und unter identischen Bedingungen vermessen wurde. 

Verwendung der Elektrodenanordnung nach Anspruch 5 fur die Bestimmung von Glucose in Losung. 

Verwendung nach Anspruch 8. die die folgenden Stufen umfaBt: 
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- Durchteiten einer Probe der L8sung durch die DurchfluSzede (34); 

- Messung des maximalen Stroms zwischen den Elektroden (14. 20) zu einem Zeitpunkt minde- 
stens 5 Sekunden nach dem anfanglichen Kontakt und erhebfich vor dem Zeitpunkt zu dem das 
Potential konstant geworden ist und 

- Vergleichen des gemessenen maximalen Stroms mit dem ftlr eine Standardlosung. die eine 
bekannte Konzentration an Glucose enthSIt und die unter identischen Bedingungen vermessen 
wurde. wobei die Probe ein festgelegtes Volumen aufweist, das gr6Ber als das Volumen der 
Kammer (36) und des Einlasses (38) ist 



Bloc Electrode pour utilisation dans une cellule polarographique pour titrer le glucose en solution, 

- comprenant 

- une electrode de reference (20) et 

- une electrode ddtectrlce (14) 

- ayant 

- une membrane lamlnee 

- couvrant la face de l'6lectrode d^tec trice (14) venant en contact avec la solution, 
caraciSrtsS en ce que 

• la membrane laminae comprend : 

- une membrane exterleure, venant en contact avec la solution (26) 

- de 1 a 20 um d'epaisseur 

- ayant une dimension de pore de 1 a 12.5 nm (10 a 125 A) 

- une membrane interieure (28) 

- adjacente a la face de l'<§lectrode d£tectrice (14) et 

- de 2 a 4 um d'epaisseur. et 

- une couche adhesive de glucose oxydase (30) 

- entre lesdites membranes (26. 28). qui maintient ensemble celles-ci. 

- la membrane interieure (28) e*tant permeable au peroxyde d'hydrogene. 

Bloc Electrode de la revendication 1 , 
caracterlse en ce que 

- la membrane extSrieure (26) comprend 

- du polycarbonate. 

Bloc electrode selon la revendication 1 ou 2. 
caracterlse en ce que 

- la membrane exteVieure (26) a 

- une dimension de pore de 1 a 1 1 nm (10 a 1 10 A), en particulier de 10 nm (100 A). 

Bloc 4lectrode de I'une das revindications prec6dentes, 
caracterlse en ce que 

- la membrane interieure (28) comprend 

- de Tac^tate de cellulose. 

Bloc Electrode selon I'une des revindications precedentes. 
caract6ris& par 

- une cellule d'ecoulement (34) 

- pour diriger un echantillon de la solution devant la face exposee de la membrane exterieure 
(26), 

- qui est sceltee a cette face et 

- comportant 

- une chambre (36) 

- exposee a cette face, 

- une entree (38) et 

- une sortie (40) 

- pour cette chambre (36). 

- cette chambre (36). cette entree (38), cette sortie (40) ayant 
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- un volume fixe. 

6. L'utilisatlon du bloc electrode de I'une des revendications 1 a 4 pour le titrage du glucose en solution. 

s 7. L'uUllsatlon selon la revendication 6. comprenant les Stapes de : 

- mise en contact d'un echantillon de la solution avec la membrane exteneure (26), 

- mesure du courant entre les electrodes (14, 20) 

- en un temps 

, - au moins supgrieur a 5 secondes apres le contact initial et 

io - notablement infeneur a la duree necessaire pour que le courant devienne constant et 

- comparalson du courant mesure 1 avec celui d*une 

- solution standard 

- contenant une concentration connue de glucose mesuree dans des conditions identiques. 
is 8. L'uUllsatlon du bloc electrode de la revendication 5 pour le titrage du glucose en solution. 

9. L'uUllsatlon selon la revendication 8. comprenant les Stapes de : 

- ecoulement d'un echantillon de la solution au travers de la cellule d'ecoulement (34). 

- mesure du courant maximal entre les electrodes (14, 20) 
20 - en un temps 

- au moins supSrieur a S secondes apres le contact initial et 

- notablement infeneur a la duree necessaire pour que le potentiel devienne constant, et 

- comparalson du courant maximum mesunS avec celui d'une 

- solution standard 

25 - contenant une concentration connue de glucose mesuree dans des conditions identique, 

- I'echantillon ayant 
-. un volume fixe 

- supeVieur au volume de la chambre (36) et de I'entree (38). 
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